
Meta-Analysis

1

ANNALS OF
SURGERY OPEN

Breast-Conserving Surgery or Mastectomy?
Impact on Survival

Peer Christiansen, MD, DMSc,* Marco Mele, MD,† Anne Bodilsen, MD, PhD,‡ Nicola Rocco, MD, PhD,§  
and Robert Zachariae, DMSc∥     

Breast-conserving surgery (BCS) was introduced in the 1980s 
after randomized controlled trials (RCTs) had documented 
adequate local control and equivalent survival.1 Long-term 
follow-up studies confirmed the initial results.2–5 Although the 
long-term follow-up studies were published relatively recently 
in 2002,2,3 2008,4 and 2016,5 the comparable survival of BCS 
and mastectomy has generally been observed for patients 
treated several decades ago. Breast cancer treatments have since 
improved, and in the recent decades, BCS combined with radi-
ation therapy (RT) to the residual breast has become the gold 

standard in the treatment of early breast cancer, used in approx-
imately 7 of 10 patients.6

Although there are no new RCTs comparing BCS with mas-
tectomy, several single, multicenter, and population-based reg-
istry studies have evaluated the outcome of the type of surgery 
in recent years.7–10 Even though the level of evidence from such 
studies is lower than from RCTs, the results provide important 
information about the treatment of unselected patients. Some 
population-based observational studies confirm that the out-
come after BCS is at least as favorable as after mastectomy,11,12 
but most studies suggest that long-term survival after BCS may 
even be superior to survival after mastectomy.7,13,14 Furthermore, 
it is unclear whether treatment-associated differences in survival 
may be moderated by differences between patients in demo-
graphic and disease characteristics, for example, age, lymph 
node involvement, and whether mastectomy is combined with 
RT or not. It could also be of interest to compare possible 
differences in survival across regions, as treatment standards 
may vary between, for example, North America and Europe. 
Increased knowledge about possible differences between BCS 
and mastectomy in both overall and breast cancer-specific sur-
vival and possible moderators of such differences is of urgent 
interest to clinicians.

To the best of our knowledge, no systematic review and 
meta-analysis has included the recently published, popula-
tion-based studies. Our aim was, therefore, to fill this gap in our 
knowledge by conducting a systematic review and meta-analy-
sis of the available population-based observational studies pub-
lished from 2010 and onward.

METHODS
This systematic review and meta-analysis was preregistered 
with PROSPERO (reg. no. CRD42021272711) and is reported 
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Introduction: The early randomized controlled trials revealed no differences in survival between breast-conserving surgery 
(BCS) and mastectomy. However, breast cancer treatment has undergone changes, and the results of recent population-based 
registry studies suggest superior long-term survival after BCS. To explore the current evidence, a systematic review and meta-ana-
lysis of population-based observational studies from 2010 and onward was conducted.
Methods: A literature search was conducted in the PubMed, Embase, and Cochrane databases to identify relevant literature. Keywords 
included “mastectomy,” “breast conserving surgery,” and “survival.” The identified studies were narratively reviewed and effect sizes 
(hazard ratios [HRs]) for overall (OS) and breast cancer-specific survival (BCSS) were combined with random-effects models.
Results: A total of 30 reports were included in the review, and results from 25 studies were included in the meta-analyses. Compared 
with mastectomy, BCS was associated with better OS (HR = 1.34 [1.20–1.51]; N = 1,311,600) and BCSS (HR = 1.38 [1.29–1.47]; 
N = 494,267). Selected subgroups of patients, based on lymph node status, age (<50 years/≥50 years), and radiation therapy after 
mastectomy (±), all showed better overall survival after BCS. The number (range 4–12) and type of prognostic variables adjusted for in 
the survival analyses of the studies did not statistically significantly moderate the differences in survival between BCS and mastectomy.
Conclusions: The combined findings from large population-based studies indicate that BCS is associated with survival benefit 
compared with mastectomy, suggesting that BCS be the recommended treatment of early breast cancer (T1-2N0-1M0) if a radical 
lumpectomy can be performed.

Keywords: breast conserving surgery, mastectomy, survival, breast cancer specific survival, breast conserving surgery vs. mas-
tectomy, BCS
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in accordance with the Meta-analysis of Observational Studies 
in Epidemiology (MOOSE) guidelines.15

Search Strategy and Selection Criteria

A systematic keyword-based search was conducted by the inves-
tigators in the Embase, PubMed, and Cochrane databases for the 
period from January 1, 2010, to June 30, 2021 (final search July 
3, 2021) using a combination of MESH-terms and keywords 
referring to “mastectomy,” “breast conserving surgery,” and 
“survival.” No further restrictions were applied. The search was 
supplemented by hand-searching for potentially relevant articles 
in the reference lists of retrieved articles. Based on the popula-
tion, intervention, comparator, outcome (PICO) approach,16 the 
studies were eligible for inclusion if (1) the population studied 
included patients with breast cancer, (2) a proportion of the sam-
ple had been treated with BCS, (3) were compared with patients 
treated with mastectomy, and (4) provided data on overall sur-
vival (OS) and breast cancer-specific survival (BCSS). Studies 
had to be population-based observational studies, and we 
excluded RCTs and hospital-level single- or multicenter studies. 
Only English-language reports in peer-reviewed journals were 
considered, and we excluded the “grey literature,” for example, 
conference abstracts and dissertations. Study selection was per-
formed independently by 2 authors (PC, AB). Data extraction 
was performed independently by pairs of authors from a group 
of 3 (PC, AB, MM). Disagreements were resolved through nego-
tiation. When studies presented results for the same or overlap-
ping samples, the study with the largest number of patients was 
included in the meta-analyses.

Data Extraction

The data extracted were hazard ratios (HR) and their 95% 
confidence intervals for (a) OS and (b) BCSS of BCS versus 
mastectomy. If the original publications reported the results as 
mastectomy versus BCT, the reciprocal values were calculated 
(1/original value) and used in the meta-analyses. Additional data 
extracted were (c) the number of patients in each analysis, (d) 
the prognostic covariates adjusted for in the survival analysis, 
for example, tumor characteristics (T-stage, N-stage, localiza-
tion, type, grade, hormone- and HER2-receptor status, lympho-
vascular invasion), patient characteristics (age, comorbidity), 
and treatments (RT, chemotherapy [CT], endocrine therapy 
[ET], anti-HER2 treatment), (e) whether patients treated with 
mastectomy had received RT or not, (f) any special restrictions 
of the sample (e.g., nodal status [N0, N+], age group, triple neg-
ative breast cancer [TNBC]), (g) follow-up time (months), and 
(h) region (North America, Europe, Asia, Oceania).

We tried to obtain additional information from a single 
study about the number of patients who had received radiation 
treatment.17 Unfortunately, the researchers were not able to sup-
ply the requested information.

Study Quality and Certainty of Evidence

The Newcastle-Ottawa Quality Assessment Scale (NOQAS) 
for cohort studies18 was used to evaluate the risk of bias in the 
included studies. The studies were rated independently by 2 
authors (NR, MM), and disagreements resolved through negoti-
ation. The robvis tool19 was used to provide a visual summary of 
the risk of bias. The certainty of available evidence was assessed 
with the GRADE method.20

Meta-analytical Strategy

Observational cohort studies were subjected to random effects 
meta-analysis to ascertain the pooled overall effect estimate 
and its precision. To aid the interpretation of the results, we 

conducted, as a supplement to the conventional frequentist 
meta-analysis, a Bayesian Model-Averaged meta-analysis.21

Pooling Effect Sizes

An inverse variance-weighted random-effects model consider-
ing the precision of each study was used in all analyses, with 
hazard ratios larger than 1.0 taken to indicate an effect in the 
direction of BCS associated with increased OS and BCSS. For 
studies reporting relevant data, results of comparisons in sep-
arate subgroups, for example, between BCS and mastectomy 
plus RT or BCS and mastectomy minus RT (Mx+RT and/or 
Mx-RT), in lymph node negative (N0) and lymph node positive 
(N+) patients, in younger (age <50 years) and older patients (age 
≥50 years), and in North American and European studies, were 
analyzed separately. The individual and pooled hazard ratios are 
presented in forest plots. Sensitivity analyses were planned for 
the evaluation of the influence of possible outliers (defined as ± 
2 standard deviations from the pooled estimate).

Heterogeneity

Heterogeneity was investigated using Q and I2 statistics.22 
Heterogeneity tests aim at determining to which degree the vari-
ation in effect sizes reflects true differences (heterogeneity) or 
sampling error. The I2 value is an estimate of the between-study 
variance in a pooled effect estimate that is accounted for by 
heterogeneity of the effect sizes in the included studies and is 
assumed to be relatively unaffected by the number of studies.23 
If the results indicated heterogeneity (I2 > 0.0), we calculated the 
95% prediction interval, which estimates the expected range of 
true effects in 95% of future studies.24

Publication Bias

The possibility of publication bias was assessed using funnel 
plots and Egger’s test for pooled results of 10 or more effect 
sizes.25 If results were suggestive of possible publication bias, we 
planned to conduct sensitivity analyses by imputing the “miss-
ing studies” and calculating adjusted effect estimates using the 
Duval and Tweedie trim-and-fill method.26

Moderator Analyses

To explore possible sources of heterogeneity (I2 > 0.0), we 
used meta-regression (random-effects, maximum likelihood 
method) to examine the associations between the effect size and 
a number of possible categorical and continuous moderators, 
including (a) lymph node positive status (referent: lymph node 
negative), (b) older age (≥ 50) (referent: age < 50), (c) number of 
demographic, tumor-, and treatment-related factors adjusted for 
in the survival analysis, (d) studies conducted in North America 
(referent: Europe), (e) median follow-up time in months, and 
(f) high risk of bias (referent: low risk of bias). The frequentist 
analyses were performed using Comprehensive Meta-Analysis, 
version 3.27

Supplementary Bayesian Analysis

A supplementary Bayesian Model-Averaged meta-analysis21 of 
the associations between surgery type and survival examined 
the results of 4 models: (a) fixed-effect null hypothesis (fH0), (b) 
fixed-effect alternative hypothesis (fH1), (c) random-effects null 
hypothesis (rH0), and (d) random-effects alternative hypothesis 
(rH1). Bayesian Model-Averaged analysis thus avoids selecting 
either a fixed- or random-effects model and addresses 2 ques-
tions in light of the observed data: What is the plausibility that 
the overall effect is nonzero and is there between-study variabil-
ity in the effect size? We chose an uninformed prior probability, 
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that is, 25%, of each of the 4 models and 2,000 iterations. 
Concerning parameter distributions, we chose previously rec-
ommended defaults.21 We thus used a zero-centered Cauchy 
prior with a scale of 0.707 for the effect size. To have zero indi-
cating the null effect, the hazard ratios and the upper and lower 
limits were log-transformed. For the between-study variation, 
we used an empirically informed prior distribution of nonzero 
between-study deviation estimates based on effect sizes from 
705 meta-analyses published in Psychological Bulletin between 
1990 and 2013.28 This distribution has been approximated by 
an Inverse-Gamma (1, 0.15) prior on the standard deviation 
(Tau).21 The supplementary Bayesian analyses were conducted 
with JASP, version 0.14.1.29

RESULTS

Study Characteristics

A total of 878 studies were found after removal of dupli-
cates and screened for eligibility by title and abstract leaving 
75 for full-text assessment. A total of 30 study reports were 
included in the review (Fig. 1), with 20 from North America, 
7 from Europe, 2 from Asia, and 1 from Oceania. The studies 
reported survival data for patients treated between 1990 and 
2014 (Table 1). One study9 reported on 2 separate populations. 
The population sizes ranged from 1,784 to 845,136 patients 
with a total of 2,343,878 (BCS, mastectomy) patients in the 
included studies. There is considerable overlap with several 
studies based on cohorts from the same registries. Thus, there 
were several publications from the US based on the database 
from the Surveillance, Epidemiology, and End Results (SEER) 

Program30–38 and the National Cancer Database (NCDB),6–21 
and there were also several studies based on the national regis-
tries in Norway8,39,40 and the Netherlands.9,13,41

The tumor characteristics varied considerable between stud-
ies. All included information on tumor size and nodal status, 
but information on hormone receptor status was lacking in 7 
reports7–9,11,33,36,42 and HER2-status was only available for 10 
studies.9,10,14,35,38,39,44–46,50 Data on systemic treatment were sparse 
and completely lacking in 10 studies,7,8,30,31,35–38,40,50 and HER2-
directed treatment was only reported in a single study.14

Follow-up times ranged from 22 to 144 months and was not 
reported in 9 studies (Table 1). Five-year OS was reported in 15 
studies. Most studies reported a better 5-year OS after BCS com-
pared with mastectomy (range 2–22%). One study11 reported 
on a cohort restricted to tumors larger than 5 cm, where the OS 
was similar in the two groups (1% improved survival after mas-
tectomy). Likewise, the 10-year OS was better after BCS (range 
4–25%) in the 10 studies reporting on this outcome.

Three SEER-studies focused on triple negative breast can-
cer (TNBC) alone. Chen, Wang et al33 looked at a population 
treated 2010–13, and Li et al35 reported on a material from 
2010 to 2014. These 2 materials have some overlap, but Li et al 
restricted the material to node negative patients (N = 14,910), 
whereas Chen, Wang et al also included N1–4 patients (N = 
11,514). Very recently, Guo et al published on a SEER popula-
tion from 2010 to 2015 (N = 13,262) overlapping both the pre-
vious studies. All 3 studies showed a better outcome after BCS 
with reported differences in OS: 9% (4 years), 5% (5 years), 
and 8% (5 years), respectively (Table  1). One further study 
reported on metaplastic breast cancer (N = 2,412) and described 
a remarkable 22% better 5-year OS after BCS.47

FIGURE 1. Flowchart describing the literature search through the databases of PubMed, Embase, and Cochrane.
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When assessing the risk of bias using NOQAS (Figure S1, see 
http://links.lww.com/AOSO/A171), no studies were considered 
of high risk of bias. In 9 studies, the risk was found unclear, 
mainly because the studies lacked treatment data. In 22 stud-
ies, the risk of bias was considered low. The full assessment is 
described in the supplementary materials (Table S1, see http://
links.lww.com/AOSO/A171).

The number of prognostic demographic, disease, and treat-
ment-related variables adjusted for in the survival analyses 
ranged from 436 to 12.9,10 Of the studies included in the over-
all analyses, all 16 had adjusted for tumor stage, lymph node 
status, and age, and 14 studies had adjusted for tumor grade. 
Fewer studies had adjusted for factors such as hormone recep-
tors (K = 11), HER2 status (K = 6), comorbidity (K = 8), CT 
(K = 10), and ET (K = 7). Older studies had generally adjusted 
for fewer variables than more recent studies (r = 0.59;  
P = 0.016). An overview of the covariates adjusted for in the 
analyses is provided in the supplementary materials (Table S2, 
see http://links.lww.com/AOSO/A171).

Associations between surgery type and overall survival

Thirteen independent studies with a total of 1,311,600 breast 
cancer patients provided data on OS with a median follow-up 
of 75 months. The patients who had received BCS had better 
overall survival than patients who had been treated with mas-
tectomy (Fig. 2A, Table 2), with the difference corresponding to 
a HR of 1.34. The results of the individual studies varied con-
siderably and were highly heterogeneous, that is, with almost all 
the variation (98.9%) estimated to be due to systematic differ-
ences in effect sizes rather than random error. The considerable 
variation in effect sizes explains the broad 95% prediction inter-
val, signaling that in 95% of future similar studies, the hazard 
ratios are expected to fall between 0.84 and 2.15. There was no 
evidence of publication bias (Egger’s test, P = 0.120).

The overall findings were supported by the supplementary 
Bayesian meta-analysis, which provided very strong evidence 
for a nonzero difference in overall survival between BCS and 
mastectomy in favor of BCS corresponding to a Bayes Factor 
(BF)51 of 179, that is, indicating that the alternative hypothe-
sis is 179 times more likely than the null hypothesis. Likewise, 
the Bayesian analysis provided extremely strong evidence con-
cerning heterogeneity of the effect sizes with a BF for heteroge-
neity of 5.72e+210. The combined HR found in the Bayesian 
meta-analysis was 1.34, which is identical to the effect found 
with the frequentist approach (1.34). The credible interval, that 
is, the interval that the true effect sizes are assumed to lie within 
with 95% probability, was 1.17 to 1.51 and similar to the con-
fidence interval (1.20–1.51).

In subgroup analyses (Table 2), the difference in OS in favor 
of BCS was larger when compared to mastectomy without RT 
(HR = 1.46; Fig. 3) than when compared with mastectomy with 
RT (HR = 1.32). Larger differences were also found for older 
patient samples (≥50 year; Figure S2, see http://links.lww.com/
AOSO/A171), European samples, and samples in high-quality 
studies. The magnitude of the difference did not appear to be 
associated with lymph node status (Figure S3, see http://links.
lww.com/AOSO/A171). When using meta-regression (Table 3) 
to explore the moderating influence of lymph node status, age 
group, region, number of relevant prognostic factors adjusted for 
in the analysis, time-to follow-up, and study quality, only time-
to-follow-up (P = 0.027) and study quality (P < 0.001) emerged 
as a statistically significant moderators, with shorter time-to 
follow-up and high study quality being associated with greater 
differences in OS in the favor of BCS, and the models explaining 
40% and 53% of the variation in hazard ratios, respectively. 
When examining the role of adjusting for individual prognostic 
variables, which exhibited sufficient variation (i.e., tumor type, 
hormone receptor status, HER2 status, ET, and comorbidity), 
no results reached statistical significance (data not shown).  

As the samples overlap with the same patients receiving BCS 
being compared to the 2 groups receiving mastectomy, we were 
unable to statistically compare BCS versus mastectomy with and 
without RT.

Associations Between Surgery Type and Breast Cancer-
specific Survival

Fourteen independent studies with a total of 494,267 breast 
cancer patients provided data on BCSS across a median fol-
low-up of 78 months. The patients who had received BCS had 
better BCSS compared with patients who were treated with 
mastectomy, with the difference corresponding to a HR of 1.38 
(Fig.  2B, Table  2). The results of the individual studies were 
highly heterogeneous, with 84.0% of the variation estimated to 
be due to systematic between-study differences. The 95% pre-
diction interval for BCSS was 1.09 to 1.75, and thus narrower 
than for OS. The results were not suggestive of publication bias 
(Egger’s test: P = 0.29).

Bayesian meta-analysis provided extremely strong evidence 
for a nonzero difference in BCSS between BCS and mastectomy 
in favor of BCS corresponding to a BF of 4010, that is, indi-
cating the alternative hypothesis to be 4010 times more likely 
than the null hypothesis. The Bayesian analysis also provided 
extremely strong evidence concerning heterogeneity of the effect 
sizes with a BF for heterogeneity of 2.43e+09. The combined 
HR found in the Bayesian meta-analysis was 1.38, similar to the 
effect found with the frequentist approach (1.38). The credible 
interval was 1.25 to 1.51 and only slightly broader than the 
confidence interval (1.29–1.48).

As seen for OS, the differences in BCSS in favor of BCS were 
somewhat larger when compared to mastectomy without RT 
(HR = 1.43) than when compared with mastectomy and RT 
(HR = 1.36; Fig.  4). Likewise, larger differences were found 
for older patient samples (≥50 year; Figure S4, see http://links.
lww.com/AOSO/A171), European samples, and samples in 
high-quality studies, whereas the difference did not appear to 
be associated with lymph node status (Table 2; Figure S5, see 
http://links.lww.com/AOSO/A171). When exploring the effects 
of moderators with meta-regression (Table 3), no associations 
reached statistical significance. This was also the case, when 
examining the role of adjusting for the individual prognostic 
covariates, which exhibited sufficient variation (i.e., tumor type, 
hormone receptor status, HER2 status, ET, and comorbidity—
data not shown). Due to partly overlapping samples, we were 
unable to statistically compare BCS versus mastectomy with and 
without radiotherapy.

Propensity score matching (PSM) or adjustment

Five studies used propensity score matching. 12,31,34,45,46 Wrubel 
et al performed PSM in a 1:1 fashion leading to 2 groups of 
101.118 subjects each. Five-year OS was significantly better 
after BCS than after mastectomy (92.9% vs 89.7%, P < 0.001). 
Hazard ratios were not calculated. Landercasper et al12 included 
a sub-analysis based on PSM 1:1 with 124.139 patients in each 
group and reported an overall HR = 0.98 (0.96–0.99) in favor 
of mastectomy. Further stratification by stage gave the follow-
ing results: stage I HR = 0.78 (0.76–0.81); stage II HR = 1.02  
(0.99–1.05), and stage III HR = 1.20 (1.16–1.25), with mastec-
tomy leading to a more favorable outcome in early-stage breast 
cancer in contrast to in more advanced disease stages. Agarwal 
et al31 presented a Cox multivariate analysis on 2 groups of 
patients with a similar likelihood for a given treatment based 
on propensity scores. The resulting hazard ratios were in agree-
ment with those from the general multivariate model depicted in 
Figure 2 (BCS vs mastectomy alone: HR = 1.23 [1.25–1.39]; BCS 
vs mastectomy + RT: HR = 1.90 [1.73–2.08]). Almahariq et al45  
and Bleicher et al34 also used propensity score adjustment in 

http://links.lww.com/AOSO/A171
http://links.lww.com/AOSO/A171
http://links.lww.com/AOSO/A171
http://links.lww.com/AOSO/A171
http://links.lww.com/AOSO/A171
http://links.lww.com/AOSO/A171
http://links.lww.com/AOSO/A171
http://links.lww.com/AOSO/A171
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their multivariate model, which are included in the present 
meta-analyses.

DISCUSSION
The results of the present systematic review and meta-analysis 
of recently published populations-based observational cohort 
studies of more than 1.3 million breast cancer patients provide 

compelling documentation that early breast cancer patients 
treated with BCS and RT, have, on average, 34% better OS and 
38% better BCSS than patients treated with mastectomy. The 
results of the conventional frequentist meta-analyses were sup-
ported by the Bayesian analyses, which indicated strong support 
for nonzero differences in favor of BCS. The results in favor of 
BCS hold true regardless of whether mastectomy was combined 
with RT or not, and for all analyzed subgroups: lymph node 

FIGURE 2. Forest plots showing meta-analysis of survival data in population-based independent cohorts of breast cancer patients. (A) Overall survival. The 13 
studies included 1,311,600 patients. (B) Breast cancer-specific survival. Fourteen studies with 494,267 patients.
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TABLE 2.

OS and BCSS of BCS Compared With Mx—Meta-analyses of Results of Studies Using Data From Population-based Samples

BCS vs Mx K* 

Heterogeneity Pooled effect size

95% PI # Q† P I  2‡ Tau2 § HR∥ 95% CI P ¶ 

OS** 13 1045.7 <0.001 98.9 0.042 1.34 1.20–1.51 <0.001 0.84–2.15
OS, Mx– RT ** †† ‡‡ 10 137.4 <0.001 93.4 0.011 1.46 1.36–1.57 <0.001 1.13–1.89
OS, Mx+ RT ** †† ‡‡ 7 18.2 0.006 67.0 0.007 1.32 1.22–1.42 <0.001 1.04–1.67
OS, N0§§ 10 45.6 <0.001 80.3 0.004 1.39 1.33–1.46 <0.001 1.19–1.63
OS, N+∥∥ 7 39.5 <0.001 84.8 0.011 1.38 1.26–1.50 <0.001 1.02–1.85
OS, age <50 6 42.1 <0.001 88.1 0.048 1.27 1.05–1.54 0.015 0.65–2.47
OS, age ≥50 5 68.1 <0.001 94.1 0.009 1.40 1.28–1.54 <0.001 1.00–1.97
OS, North America 7 581.6 <0.001 99.0 0.045 1.22 1.04–1.43 0.017 0.68–2.19
OS, Europe 5 73.6 <0.001 94.6 0.011 1.44 1.31–1.59 <0.001 0.99–2.09
OS, TNBC 2 0.0 0.873 00 0.0 1.48 1.37–1.60 <0.001 NA
OS, Low study quality (score 0–6) 3 219.4 <0.001 96.4 0.049 1.04 0.80–1.35 0.773 0.04–27.7
OS, High study quality (score 7–10) 10 229.5 <0.001 96.1 0.014 1.44 1.33–1.55 <0.001 1.08–1.92
Breast cancer–specific survival (BCSS) ** 14 81.1 <0.001 84.0 0.011 1.38 1.29–1.47 <0.001 1.09–1.75
BCSS, Mx–RT †† ‡‡ 9 54.0 <0.001 85.2 0.027 1.43 1.27–1.62 <0.001 0.94–2.16
BCSS, Mx + RT†† ‡‡ 8 26.5 <0.001 73.6 0.014 1.36 1.22–1.51 <0.001 0.99–1.87
BCSS, N0§§ 8 15.1 0.034 53.8 0.004 1.30 1.21–1.39 <0.001 1.09–1.55
BCSS, N+∥∥ 7 10.1 0.120 40.6 0.002 1.31 1.23–1.39 <0.001 1.13–1.52
BCSS, age <50 5 9.8 0.044 59.1 0.006 1.16 1.05–1.28 0.002 0.75–1.79
BCSS, age ≥50 5 21.1 <0.001 81.0 0.009 1.24 1.11–1.38 <0.001 0.88–1.75
BCSS, North America 7 8.2 0.222 27.1 0.002 1.32 1.24–1.40 <0.001 1.15–1.52
BCSS, Europe 5 37.6 <0.001 89.4 0.009 1.38 1.26–1.51 <0.001 0.99–1.93
OS, Low study quality (score 0–6) 3 4.4 0.018 55.0 0.023 1.19 0.94–1.49 0.145 0.10–13.33
OS, High study quality (score 7–10) 11 75.3 <0.001 86.7 0.011 1.40 1.31–1.50 <0.001 1.09–1.80

*K = number of studies/independent samples in the analysis.
†Q statistic: P values <0.1 taken to suggest heterogeneity.
‡I2 statistic: the proportion of the variance explained by differences in effect sizes beyond random error (heterogeneity).
§Tau2: the between-study variance in effect sizes.
∥Pooled effect size (random-effects model): HR.
¶P values (2-tailed): Statistically significant (P < 0.05) in bold. HR > 1 indicates an association in the hypothesized direction, that is, BCS is associated with improved survival compared with mastectomy.
#95% PI, that is, the interval in which 95% of future observations from the same family of studies will fall, given the observed data, calculated for heterogeneous ESs (I2 > 0).
**For pooled estimates from K ≥ 10, the possibility of publication bias was explored with funnel plots and Egger’s test. No indications of publication bias were found (Egger’s test > 0.05).
††Mx ± RT = Mastectomy with and without radiotherapy.
‡‡Number of studies/independent samples for Mx ± RT do not add up with overall OS and BCSS analyses due to omission of overlapping samples to ensure independence.
§§N0 = lymph node-negative breast cancer.
∥∥N+ = lymph node-positive breast cancer.
95% PI, 95% prediction interval; BCS, breast-conserving surgery; HR, hazard ratio; Mx, mastectomy; OS, overall survival.

FIGURE 3. Forest plots showing comparisons in overall survival between BCS and mastectomy without (–RT) or with radiation therapy (+RT). BCS indicates 
breast-conserving surgery; RT, radiation therapy.
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negative, lymph node positive, those younger than 50 years, 
those 50 years or older, TNBC patients, and patients treated in 
Europe as well as in North America.

There are currently no agreed upon explanations for the 
observed differences in survival between BCS and mastectomy 
in breast cancer and for why the recent observational studies 
report a more favorable outcome after BCS in contrast to the 
earlier randomized trials.5 First, it is important to note that in 
the studies included in the present review, it cannot be ruled out 
that patients who receive BCS differ from those treated with 
mastectomy. Due to the nature of the observational data, we do 
not know the many different reasons for the actual choice made 
in each of the individual clinical situations. When interpreting 
the results, it is therefore important to note that all the included 
studies had adjusted for a number of prognostic and treatment 
variables. However, the number of covariates varied consider-
ably between studies, ranging from 5 to 12. Almost all studies 
had adjusted for age, tumor stage, tumor grade, and nodal stage, 
and several had adjusted for hormone receptor status, comor-
bidity, RT, and CT. Still, relatively few had adjusted for HER2 
status and ET, almost none for lymphovascular invasion and 

focality, and no studies had adjusted for anti-HER2 treatment. 
When we used meta-regression to explore whether the differ-
ence found between BCS and mastectomy was influenced by the 
number of prognostic covariates adjusted for in the analyses, 
this did not appear to be the case for neither OS nor BCSS. 
When examining the possible role of adjustment for a number 
of individual prognostic factors, including comorbidity, tumor 
type, hormone receptor status, HER2-status, ET, none of the 
associations reached statistical significance. Taken together, the 
data suggest that the differences observed in survival are not suf-
ficiently explained by differences in prognostic characteristics.

A possible explanation for the difference in outcome between 
the RCTs and the newer observational studies could be changes 
in treatment over time which have led to better loco-regional 
control after BCS and RT. In the early study by Veronesi et al,2 
local recurrence was observed in 8.5% after BCS in contrast to 
2.3% after mastectomy, and such results were typical for that 
period. Since then, the occurrence of local recurrence has been 
halved,52 and today, the incidences of local recurrence after BCS 
is around 2% over 5 years.53 According to the 2011 EBCTCG 
meta-analysis,54 the lower local recurrence rates after BCS 

TABLE 3.

Results of Meta-regression-based Analyses of Possible Categorical and Continuous Moderators of the Difference in Overall and 
Breast Cancer-specific Survival Between BCS and Mx

Moderator Outcome K Slope 95% CI P R2 

N+ (referent: N0)* OS 17 –0.01 –0.109 to 0.089 0.840 0.01
BCSS 15 0.013 –0.039 to 0.065 0.623 0.00

Age ≥ 50 (referent: age < 50) OS 11 0.082 –0.192 to 0.357 0.556 0.07
BCSS 10 0.056 –0.098 to 0.210 0.478 0.19

Number of covariates adjusted for (range: 5–12) OS 13 –0.011 –0.054 to 0.032 0.616 0.02
BCSS 14 –0.023 –0.049 to 0.003 0.080 0.32

North America (referent: Europe) OS 12 –0.173 –0.351 to 0.005 0.057 0.25
BCSS 12 –0.046 –0.149 to 0.057 0.379 0.00

Time-to-FU (months) (range: 43–138 months) OS 9 –0.002 –0.005 to –0.000 0.027 0.40
BCSS 10 –0.002 –0.005 to 0.001 0.186 0.26

High study quality (referent: low) OS 13 0.332 0.152 to 0.512 <0.001 0.53
BCSS 14 0.166 –0.056 to 0.388 0.142 0.10

* N0/N+ = lymph node-negative and lymph node-positive breast cancer.
Moderators with significant influence on survival are marked with bold P values.
BCS indicates breast-conserving surgery; BCSS, breast cancer-specific survival; Mx, mastectomy; Mx ± RT, mastectomy with or without radiotherapy; OS, overall survival.

FIGURE 4. Forest plots showing comparisons in breast cancer-specific survival between BCS and mastectomy without (–RT) or with radiation therapy (+RT). 
BCS indicates breast-conserving surgery; RT, radiation therapy.
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should translate into a better survival. Although the mastectomy 
group probably also will benefit from fever local recurrences, 
the absolute numbers are lower, and the impact on survival will 
be less pronounced. Thus, the development has favored the out-
come after BCS in comparison with mastectomy. Second, there 
have also been speculations that RT makes the difference,9,55 but 
this was not supported in a stratified analysis included in the 
Danish study.10 In a subgroup analysis of patients with macro-
metastases, who all had loco-regional RT irrespective of type of 
surgery, better relative survival (28%) was still found after BCS 
compared with mastectomy. A third explanation could be that 
the surgical trauma is more marked after mastectomy result-
ing in more pronounced immuno-suppression, which, in turn, 
may promote growth of residual local tumor cells, circulating 
tumor cells, and micrometastases.56 Finally, we would also like 
to draw attention to the so-called abscopal effect,57 which has 
been extensively discussed in relation to breast cancer.58 This 
proposed mechanism involves RT and the immune system. RT 
to the residual breast may destroy small foci of cancer cells left 
behind after the breast-conserving procedure. RT will not only 
induce immunosuppressive effects but also, during the process 
of destroying these cancer cells, mobilize host immune effec-
tor mechanisms involving pro-immunogenic effects leading to 
the inactivation and destruction of remaining tumor cells and 
micrometastases in the body. Such a mechanism could perhaps 
explain a proportion of the difference in outcome between mas-
tectomy and lumpectomy, even when mastectomy is combined 
with RT, as remaining tumor foci, apart from within lymph 
nodes, would be very rare after mastectomy.

The results for TNBC should be interpreted with cau-
tion. First, the prevailing data do not include information on 
BRCA-mutations. Second, in the study which only included 
patients under 40,32 where the proportion of BRCA1-positive 
is expected to be significant, the benefit seems smaller. Third, 
the finding of a less favorable outcome after mastectomy and 
RT in one study38 indicates that the groups in the comparison 
are not congruent, even in the adjusted comparison. On the 
other hand, a previous meta-analysis from 2015 by Vila et al,59 
restricted to patients younger than 40 years, came to the con-
clusion that BCS was at least as safe as mastectomy (HR = 0.90 
[0.81–1.00]). Very recently, a meta-analysis confined to BRCA1 
and BRCA2,60 concluded that survival outcomes following BCS 
is comparable to mastectomy in BRCA carriers. However, only 
few studies with a small number of patients were included in 
the meta-analysis, and as  the study also reports a more than 
400% increase in local recurrence after BCS, the results are 
difficult to interpret. Taken together,  more studies including 
information on BRCA-status are needed before conclusions can 
be drawn regarding the safety of BCS in TNBC and in the very 
young patients.

Breast-conserving therapy is not always applicable,61 and 
it is argued that breast cancer in the very young women (<35 
years) may have a survival benefit after mastectomy,61 and that 
could be related to a higher risk of loco-regional recurrence 
after BCS in this age-group.53 The recommendations to these 
patients are therefore more complicated. Breast cancer in com-
bination with extensive ductal carcinoma in situ (DCIS), partic-
ularly in women under 40 yrs., may also require mastectomy.61 
BCS is also not an option if RT cannot be offered. The present 
meta-analysis and the currently available literature do not indi-
cate that BCS should be omitted because of nodal status N0-1, 
but when it comes to more advanced nodal stages, it is more 
difficult to come to a uniform conclusion.10,43 For T3 tumors, the 
sparse data indicate that there could be a small benefit in sur-
vival of mastectomy compared to BCS.11,34 On the other hand, if 
clear margins and an acceptable cosmetic result can be achieved, 
multifocal and multicentric breast cancer as well as central loca-
tion of the cancer in the breast should not be considered as an 
indication for mastectomy instead of BCS.61

All but one of the reviewed population-based cohort stud-
ies point in the same direction. In contrast, Landercasper et al12 
found results that stand out in several ways. First, in contrast 
to all remaining studies, this study showed a more favorable 
outcome after mastectomy. Second, it was found in the propen-
sity matched cohorts that the benefit of mastectomy was most 
pronounced among patients with an early tumor stage. Third, 
a considerable difference was observed between the unad-
justed and the adjusted hazard ratios which changed from 0.6 
to 1.1. Fourth, there is a pronounced difference in the size of 
the population between this study and other comparable stud-
ies from NCDB. Chen et al43 report on a cohort from 2004 to 
2011 that included only T1-2N0-1 patients, which must be the 
bulk of patients with breast cancer from that period. Mazor et 
al11 report on the population of patients with T3N0-3 from the 
same period (2004–2011), and together these 2 studies thus 
report on a total population of 180,309 T1-3N0-3M0 patients. 
Although they included a two year longer observational period, 
it is unclear how Landercasper et al could include a population 
from NCDB that is more than four times larger (N = 845,136). 
Furthermore, the proportion of patients treated with BCS differs 
considerably between these studies. Landercasper et al report 
54.9% receiving  BCS, whereas Chen et al and Mazor et al 
together report 71.8% patients treated with BCS. There is also 
considerable overlap between the studies of Landercasper et al12 
and the studies by Almahariq et al,45 and Wrubel et al,46 who 
report on NCDB populations treated between 2006 and 2014 
and between  2006 and 2015, respectively. Both studies were 
restricted to T1-2M0. One was further restricted to N0,45 and the 
other46 included N0-1. The populations contained 231,642 and 
431,899 patients, respectively, and among those 62.3% and 
70.0% were treated by BCS. Compared with these studies, the 
Landercasper study includes a population almost twice the size 
the number reported by Wrubel et al. Neither Landercasper 
et al12 nor the two most recently published papers45,46 provide 
any information on the considerable differences in population 
sizes and proportions of BCS between the NCDB studies.11,43 
Although the results reported by Landercasper et al are based 
on by far the largest cohort, the discrepancies in study popula-
tion sizes need to be clarified, and the results confirmed.

Strengths and limitations

Our systematic review and meta-analysis has several strengths. 
First, the numbers of patients in the population-based indepen-
dent cohorts included in the meta-analyses are very large, and 
all studies, but one, show the same tendency in favor of BCS 
for both overall and breast cancer-specific survival. Second, the 
meta-analyses are based on studies which all have adjusted for 
a number of relevant prognostic factors. Third, no study was 
considered being at high risk of bias and we found no clear indi-
cation of publication bias. Fourth, we were able to perform a 
number of stratified analyses showing comparable results across 
comparisons between BCS and mastectomy with and without 
post-mastectomy radiation therapy, as well as across differ-
ent subgroups of patients, including node negative and node 
positive, young and older age groups. Finally, the results were 
supported by results of supplementary Bayesian meta-anal-
yses indicating very strong support for nonzero differences in 
survival.

Although the differences are thus robust, a number of pos-
sible limitations should also be noted. First, the included stud-
ies are not randomized controlled trials. The validity of the 
comparisons is therefore dependent on proper adjustment for 
patient, tumor, and treatment variables, and these variables are 
limited or missing in several of the studies. Second, the included 
studies could also suffer from confounding by indication. 
Comorbidity is strongly associated with poorer survival,62 and it 
has previously been shown that patients with more comorbidity 
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were more likely to be treated with mastectomy.10 The risk of 
selection bias was demonstrated in the Danish study,10 where 
patients who were initially assigned to BCS, but ended up being 
treated with mastectomy, had significantly better survival than 
patients for whom mastectomy was decided up front. This could 
artificially reduce survival after mastectomy in studies which 
have not adjusted for comorbidity. Even with these limitations, 
the results are robust, when it comes to patients with the most 
frequent stages at presentation (T1-2N0-1M0). The only clear 
outlier is the study by Landercasper et al,12 where discrepancies 
in study population sizes and proportions of patients receiving 
BCS are found, when compared to other studies from NCDB, 
and this raise some concerns. Even so, it does not alter the over-
all result of the meta-analysis.

Conclusions

The combined findings from large population-based studies 
indicate that BCS is associated with survival benefit compared 
with mastectomy, suggesting that BCS be the recommended 
treatment of early breast cancer (T1-2N0-1M0) if a radical 
lumpectomy can be performed.
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